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A shortage of anthracite for home heating indicates the necessity of 
using otner fuels for this ourrose; low-volatile bituminous, or *Sott coal 
is the most feasible supplementary fusi, either burned alcne or when mixed 
with anthracite. 


Comnarison of Bituminous Coal ard Anthracit2 


Whereas anthracite is clean, turns without smoke, and requires little 
attention, bituminous coal is dusty, tencs to burn with a smoky flame, and 
forms coke in the fire pot that must ce Lroken up to maintain a continuous 
high output of heat. When properiy fired, however, bituminous coal responds 
more quickly than anthracite to changes in darmver settings and consequently 
can suprly more heat ina short time. It is ganeraliy less expensive and 
usually contains less ash than anthracite. 


Medium- and high- volatile bituminous cvals are inherently smoke- 
producing and tend to devosit tar and soot in heating rassazges and chimneys. 
They break up easily wnen handled and require eensidera miore 
attention than anthracite but, generally speaking, can be substituted 
for anthracite in some burnin: equinraent if proper care is taken in 
firing. Low-voiatile bituminous coal! can be burned smokelegsiy and 

With only a Siignt tendency to deposit tar or soot in the furnace or - 
Chimney. It, too, is easily croken in handling and may be dusty. 


eat te 

1/ The Bureau of Mines will welcome reprinting of this paper, provided 
tne following footnote acknowl! edement is used: “‘Reprinted from Bureau 
of Mines Information Circular 7280.’ 

o/ Supervising engineer, Fuels Sectien, Central Experiment Station, Bureau 
of Mines, U. S. Department of the Interior, Fittsburch, Fa. 
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Generally, low-volatile bituminous coal is the most readily obtained alternate 
for anthracite in New England and the Middle Atlantic States, and is considered 
the most suitable fucl for firing with or in place of anthracite when that fuel is 
Cu iCult 10 Obtain, 


Equipment Best Suited for Burning Bituminous Coal 


rat ee ab << 


as a Substitute for Anthracite 


a a, Es EE ee | A 6 bE ee 


Equipment used for burning anthracite in domestic installations falls 
into two general classes - hand-fired and automatically fired. In general, 
hand-fired units will be most successful with substitute fuels. The aperexi- 
mate Suitability of various types cf equipment is indicated below: 


a Hand-firea: 


i. Hot-air furnaces. - Best adapted to use of bituminous coal 
~ because of ia rge combustion space; with correct firing, low- 
volatile bLitumincus coal can be burned alone with negligible 


srioke and soot formation. 


D9 


Steam and hot water boilers. - If of the universal type and 
equipped with grates, are as equally well ee to bitumi- 
nous coal as to anthracite. Sorne boilers originally designed 
particularly for anthracite have limited combustion space, 
and bituminous coal cannot be burned satisfactory alone. 

A better procedure would be to mix one-fourth bituminous 
coal with three-fourths anthracite before firing. 


3. Heating stoves. - Many types will burn bituminous coal alone 
satisfactorily, but if designed for the use of anthracite, the 
mixed fuel suggested above will be suitable. 


4, Cooking ranges. - Recause of the limited combustion space, 
it is usually desirable to avoid the use of biturninous coal 
in this equipment. 


Oo. Fireplaces, - pete coal can ig used; a eae more 


eo arena . ————— 


up with a poker. 
ine Automatically-fired equipment... 


1, Magazine-tyve heaters, - Because of the coking tendency at 
bituminous coal, the fuel will not feed by gravity as when 
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Figure {.—Side-to-side method of firing bituminous coal. 
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Figure 2.—Front-and-back method of firing bituminous coal. 
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anthracite is being burned; ue bitumincus coal will usually 
be unsatisractory in this ye? Ge Ait: 


Oo. otoxers, - Anthracite sickers are desienad to burn noncaking 
coals; thus, bituminous eral cannct be burned in them satis- 
Factory. 


3. Eot-weter heaters. - Because excessive attention is required 
to maintein a fire in their s:nail firz pots with other than non- 
caking fuels, bituminous coal is not recommended for these 
units. | 


4, Forced-dratt biowers. - Althoush automatic in action when 
controllea by a thermostat, these devices rely unon the hand- 
firing of fuel. Best suited to tne smaller sizes of anthracite, 
suchas No. 1 buckwheat, they can burn successtully 4 mix- 
ture of one-fourth bitu:ainous coal and thr2e-fourths anthra- 
cite, aithourh they do not rive satisfaction on hituminous coal 
aione. 


ubstitutine Bituminous Coal for Anthracite 


Complete substitution of bituminous c%al for anthracite is recommended 
only for heating equipment with larze fire pots and combustion srace. 


Two vorincival methods of firing bituminous coal in domestic furnaces 
rive ani results. Tne “sid2-to-side’’ method is the ona most commomy used; 
it is snown in ficure 1, whore the coal is pilod at one side of the fire pot and 
does mat cover the burning fuel at tne other side of the furnace, leaving a hot 
Spot expesed to serve as a point of icnition for combusticle anes. When the 
fresh fuel is coxed it should be bro‘en with a polean, and the next.fining of: fhe. 
non to the opposite sid. The grates should be shaken only when considerahl: 

h has accurauiated, after wnich the ecke in the fire vot should be vushed to 
one Side and the firing cycle repeated. | 


In the second mathod of firing (shown in fiz. 2) tie burning fuel is pushcd 
to the rear of the fire pot, and the fresh coal is piled just inside tne door. Py 
this method the combustibie gases evclved from the cea: ars m peas ier air 
entering through the door slots and ere ignited by the hot coals at the rear of 
the furnace. 


Conwro!-ci Dampers for Pilminous Coal . 


tend to ke scif-damping at hih fuel-bed temveraturi 


Anthracite fuel beds 
L DUYHS mMOre revidly; thus, Tioeasnril Camper need net 


whereas biturminous co2a 
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be opened as wide with bituminous coai as with anthracite. Even so, the fire 
will pick up quickly, and this damper must be closed sooner to prevent cver- 

eating. Air leaks in the ashpit should be scaled with furnace cement to 
assure the necessary control of air into the furnace. 


Tne slots in the firing door should be left eren following a firing of 
bituminous coai to provide the maximum armount of air to insure burning c 
the combustible gases reieased from the coal. Later, when the fucl is coxu 
and the gascs are aii driven off, these siots can be nearly closed, so that 
excessive ccld air is not drawn into the furnace neediessly. A toed rule is 
to leave the door slots open wacnever smoke can be seen in the furnace anu 
neariy closed at all cther times. 


Other damvers are adjusted similarly for biturninous cecal as for 
anthracite. 


Mixing Bitumincus Coai and Anthracite 


In general, the home fireman experienced in burning anthracite will 
obtain better results by firing a mixture of anthracite and low-volatile bitum 
nous coal than in attemrtinzg to burn the bituminous coal alone. For riixing, 
anthracite aud cLituminous coai should be similar in size to minimize segic- 
gation. Recommended sizes of bituminous coal to be usec in mixtures ar:: 


aAninracite Reconmmenied bituminous- 
coal size, inches 
Ice 4A by 2 
Stove oS by i172 
Chestnut 2by i 
Pea Ley 172 


The coal should be mixed before firing, preferabiy on the basement 
floor or in the opening to the coal bin. If this is not fsasible, the coal can be 
added to the furnace in small increrments, alternatine ths fuel to obtain 
mixing. In many instances it will be easiest to fire the fuci in iayors 
as Shown in figure 3, adding the necessary bituminous coal as a single 
layer on top of the anthracite, althouch it will be necessary later to break 
up tne coke that will form. It is not recommended that any attemot be 
made to stir or mix the layers in the furnace. 


Like cther materiais in which shortaces have developed because of 
increasca demand, sufficient anthracite for home heating will not be obtain- 
able during the season 1948-44. Recent conservative estimates snow tnat 
the Shortage of anthracite during the approaching heating season will be 
Joo! ie ee 
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about 6,000,000 tons, or approximately 10 nercent of the annual production. 

It will be difficult to increase further the amount of anthracite mined because 
of the snertage of manpower and equipment. No stock piles of the usual 

Sizes of this coal are available as a reserve to Supply this necd. Flants 
manufacturing materials for war are calling for still greater quantities of 
fucl to produce the steam and electrical energy required in their operation, 
whercas the difficulty of transporting fuel oil to Eastern seaboard consumers, 
which has caused the conversion cf oil-burning equipment to burn anthracite, 
also has causecé the demand for this fuci to rise. Consequently, the exnected 
maximuni oroduction of anthracite will be inadequate, and, like other materials, 
omergency substitutes must be provided until present conditions have im- 


Bcocause two-thirds of all the anthracite produced in this country is used 
or comfort heating, much of this shortage must be absorbed by the home fire- 
man; but so long as adequate supplies of supplementary fuels are available, 
there is no neod for the shortage of one fuel to cause discomfort through under- 
neatinge. Just as anthracite stepped in to fill the breach left when fuel oli was 
ne longer available in its usual quantities, so also will other fuels now assist 
antnracite in mecting the extra demands resuiting frcrn the war. 


th 


oteps should be taken immediately to mact this new emergency. Suitable 
substitute fuels must be found and arrancements made to ship them into the 
aitectca areas, and fuel dealers and consumers must be avprised of the situ- 
ation and told how best to adapt their facilities to it. Where the amount of 
such fuci handled is large, dealers may desire to install svecial equipment to 
prevent difficulties during storage. Domestic consumers must be shown now 
ta burn the substitute fuel either alone or in combination with anthracite, and 
finally, the new fuel must be available to consumers having heating equipment 
Suitable for its satisfactory use. It is the purpose of this paper to review the 
orcpertics of the fuels proposed as temporary and partial substitutes for 
anthracite, to indicate the hcating equipment most suitable for burning the 
substitute fuel cither alone or in combination with anthracite, and to point out 
varletions in firing and operating techniques to obtain the greatest consumer 
satisfaction. 


PACTORS GOVERNING THE -CHOIC: OF f-oUrSlIVUTE: P Un 


Tne fuel chosen as a substitute for anthracite must be availeble in large 
quantities, so that allotment of 6,000,000 tons cr more to a new field will not 
interfere sericusiy with its normal distribution or its usual markets. It 
must be produced in or adjacent to the affected arcas so as to minimize the 
freight haul and not increase the load of the already overburdened transportation 
system. Its use must not disturb the ncrmal firing habits of the ccnsumer more 
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than is absolutely necessary, so that the burning of fuels other than anthra- 
cite will not cause him hardship or undue difficulty. Firally, the new fuel 
must be conservatively priced, so that no additional Tinancial burden is im- 
pesed uncn tne already harassed home fireman, 


Be ause of the relative simplicity cf most tynes of equipment used for 
nee almost any 1uel can be substituted for another in a given 
ie of equirment (with the excepticns noted later), althourh the efficiency 
of the precess may be seriously affected. Other items, such as cleanliness 
and cost or the amount of attention required by the fire, although often the 
determining fuctor in choosing a’ fuel on the open market must be neglected 
during such unusual neriods as the present emergency. Thus, of the ipres 
number cf fuels used for domestic heating, most could be adopted as tempo- 
rary substitutes for anthracite, althouzh the decision to take such a steno 
might be dictated by.im.mediate necessity and not by personal choice It is 
realized that the home fireman who must make such a temporary substi 
tution will do so with the expectation of probably returning to his preferred 
fuel when it is again available without restriction. In the meantime he wilil 
wish to use the fuel requiring the least possible change in firing methods, 
that is attractive frorn the standpoint cf cost, and that will be availacle in 
Sufficient quantity to assure him of unrestricted Corrert heating. 


DiESCRIF TION OF F SUBSTITUTE FUELS 


The fcllowing fuels may be used for household heating, either alone or 
in combination with anthracite: 


1, Electricity. - Aithough not strictly a fuel, electricity is a con- 
venient and clean source of heat. Its costliness, restricted availability, and 
the necessity fcr special equipment for its utilization limit its application. 
Not suitable generally as rerlacement for any appreciable amount of anthra- 
clte-in nome heating, Slectricity may nevertheless be used incre asingly for 
heating during this emergency. 


2. Gas. - Although gas, either natural or manufactured, is generally | 
more expensive than solid fuels, it is convenient, clean, and easily adaptable 
to automatic control; but because of the present demand for it by manufactur - 
ing industries that require its special properties, the amount available for 
domestic heating is limited to existing ins tallutions. If more of it should 
become availekle, it can be adapted easily and quickly to existing equipment. 


3, Wood. - Produced moderately in New England and the Middle Atiartic 
States, where the anthracite shortage will be felt, wood can be substituted for 
anthracite in cnly a few instances. Because of the excessive iabor required 
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to cut and prevare wood for use, it cannot be considered as 2 general substitute 
for anthracite, thoucn it is easy to burn in most nand-fired space heaters. A 
wood fire requir:s instant 2ttention and replenishment to maintain a good out- 
put of heat, but for use in open cratus it is an idea fucl, its checrv fire re- 
seonding quickly to the demands of the fireman. Wceod is elreacy being used 
— mild weather as a satisfactory riternate fusl for anthracite cn farms 
and in szrall towns and villages. 


4’, Cokz. - On the basis of clennliness, smokelessness, end adanvtability 
Lo PPGcone eqiipricnt; Core 1S (he most Satisiacwory Substitute for anthracite, 
wrich it most nearly anproaches in chericai composition. It is fired much 


likes antaracite, excent that better control of drafts is gencrally required to 
Prevent overneating and conscqucnt. for me. a of clinker. However, becuse 


tia dinand for conc by metallurpical industries already excueds the suprly, 
no cur? of the usual sizes can be peerage to domestic neatine. In some 
elesvererenes pie paecin to coke ovens the sranlier sines of coke designated “breeze;”’ 
TAI Oe Ava ¢ for the comestic market, but these wre difficult to burn 
without force re ean hiowers as it is imnossible to obtain the flow of air 
naccssiry fer combustion with natural draft. Where such blowers are availa- 


dlz, coxa breeze can ba ened but the same care is a ened to prevent loss 
of fuel tnrougn the eratos es is used with Ruck awheat etna 


5. Oil. - Bocouse of its unava pari ility, oil en ne ba conside epee asa 
substitute for anthracite at present. 


Buckwheat anthracites and culm. - No a ae eat anthracite, pro- 
ee cee 
“7 | 


O. 
asa ‘ynroduct” in prepering the ust a, tic fuel sizes, is burned 
+ - 


sa 2) 
Wp beloures: 
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rial furnaces but can be adanted te nand-fi re domestic heating by 

mixin if with ler rger sizes. Domestic consuimers having stokers or forced-drait 

‘Buckwheat’ blowers already ecnsume ie rg2 quantities of No. 1 Buckwheat. 
Unfortunately, raost of the availebie rcsirves of anthrecite fincs are in the 
srialcst sizes = No. 3 and No. 4 Puc: wheat -and are difficult to turn in any 
ae = ccinble amounts in a mixture except with forcea draft. By carcfully 
wiivdy: it at the time of firine, a moderete quantity of the No. 3 or Barley 
Soe proba biy — be burned along with the iarzer domestic sizes; 
tere dia toneral it will cause considerable troubie and should be attemptod only 
Wicn no cther fuel is aes for use. From the standpoint of combustion. 
efficiency, the best metned of utilixins anthracite fines in domestic furnaccs 
consists in forming them into briquets. To the extent that briquetting ma. 
chinery is aveilabie, this rrecess wili be usec, but the tonnare so preduced 
will not be sufficient te satisfy the demand. 


7, Bituminous eoel. - Eitumincns, or “soft’’,coal is the most reason- 
‘able substitute for centhracite. The bituminous-coal industry, already 
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proaicing neariy 6CQ,000,000 tens per year, is the most logical source of Si ue 
Proauczd in arszas ea LO Nose. al screed Uy the prescnt emicrccrcy;, bil 
nous co2] can Ge surplied with a minimum disturbance of existing transtc ett ra 
facliltics; and because ‘it ae less to mince and prepare it for markst, itis 
oxpeonsive than anthracite when freight charges ars comparable. Aithough . 
paving uniice anthracite ee the coribustion process, bituminous coal can te 
DUrAnCd sb eepidetie| in many Ccitterent ty es of equipment even though not orisi- 
nally dssigned for its us3. In 1940, in the affected arca - the New Eneland ana 
Micdic Atlantic States and the District of Coiumbia - 1,600,000 dwalting units 
were heated with bituminous ccal and 4,300,000 units were hceted with anthra- 
CliGs LINCS Ua Ui Conversion Tron £ uel ol: has incre2zsod the nurnber of 
COnsusiere Cl-enine Maas and PCSSiIDly Of Cilusiincus Coal, bul Th? 1¢Ct remains 
that a vreat many heating installations in this areca already are ourning bitumis 
nous coal succe a Ve, “LPMS, ThSre iS reace a consumer familiarity with 
Lite IOUS Con es i. eu dueler experience is availabl2, therefors, the 
introducticn cf additional amounts of this fel docs not present the problems 
essociated with the intrcaucticn of an entirely new preduct. 


Biturainous ccai mined in the eastern rert of the United Statcs is of two 
pen ral types ~ (a) oe n- > and hich-volatile and (b) low-volatile. A gensrel 
} Pi MIONvOL Nelle Croyerics Is lows: 


a. Medium- and hich-vclatile bituminous coal, -- Coeis containing 22 
to $1 cercent volatile matter arc classificd as medaim-volatile and tress 
with over o1 percent as hich -voletile, but they may be grcured as a gencral 
tywe naving Similiar burning characteristics, a coals 286 aimed in 
Pennsylvania, Ohio, West Virginia, and Kentucky. Eecause of their high 
VOlETiLes? ees content, these coals, when heated, evolve tar and combustible 
mases; and when burned slowly, with long periods between firings, ter and 
SOOt ar= Certain to ho dcco: oe in the furnace. Such coals are inherently 
smnok2-producing, but by following simple rules of firing their tendency to 
Lore SOs Can be minimized and satisfactory perform anes obtained. Much 
of this coal clrcady is burned as domestic fuel, and the home fireman has 
learned that it has hich heating value, ignites easily, has a moderate ash con- 
tent, and is inexpensive. rie has found aiso that it has ccrtain disadvantacés, 
such 2s the tendency to produce smoke andl to deposit tar and soot in heating 
passeges anc chimneys, to break easity when handled, and to require con- 
siderably mora attention than other fuel s because, when heated, it becomes 
plastic and forms larze iurans of coke. This coxe is beneficial when the fire 

is to be held at a low nacat output, as, for instence, when banking a fire over- 
Night OUL it Must be brown wy vy ie nd to give ones outout of neat quickly. 
Generelly speaking, hieh-volatile biturrinsus coal can be substituted for 
anthracite if proper care is taxen in firing i. 
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i; 
semibitumincus coal, containg less than 2° ce ent vo latile metter cn the dry, 
minerai-meétter-free bacis. It is rnined extensively in Virginia, West Virsinia, 


and Wieryland, and in som¢ varte cf Pennsylvania, as in Some secét County. 
Pecause cf its lower volatile-matter content, it is often referred to as ““smoke- 
“€Ss cecal a eaitncugh under unfavcrabie conditious it curns with a medium-length, 
ra oderstely smaoky lame. Ef properly fired, with suitably reguiated draft, it can 
ce burned smokeiessly with very little denos jticn of tar and scot in the fur nace, 
Smcke pipe, or chimnev. Like high-volatiie bituminous coal, it is aiready being 
W560 Sxtelisively for hee heating, its ecmparative freedom from smoke placing 
it in tne a m class. Althcugh it ignites less readily than high-volatile coal, 
it senerally Las a nisher heating value nadie 3€ of its lower moisture and asn 
montent. Lik ce other bitumincus coals, it is friable and therefore dusty when 
mandied and easily breken; consequently, it reer hes a larger percentage of 
fines when receiv 4 than when saipned from the mine. It also produces coke 
by becoming ee astic when heeted, but the coke so formed can readily be broken 
With @ pecker. Mcst siitebie in every resrect, loWw-volatile eles Ccalas 
eonsidered to " e the best fuel for firing with, or in place of, anthracite wncn 
the latter is uncbtainable in needed qvantities. In general, th Nera ses will be the 
cne most easily cotainable in the New England and Middle Atlantic states asa 
substitute for anthracite; its use for thet purnose is strongly recommended. 


The bituminous-ccai industry has ne such stundards of sizing as nave 
nage accented for anthracite because, being friable, bituminous coal is degraded 
aze by nandling, UO Specifytne SizGror DllainoUs Coal es Mut Cr eee OL 

St ye%s somewhat indefinite, different lecalities and different producers using 
dite rent size de — ons fer coal i the same diznensions. Comunon | practice 
is therefore tec specify coal by sereen sizes, the designation ““4- by é-inch 
meaning coal cf such a size that it will crass through a 4-inch round-hoie screen 
and will be retained on a 2-inch round-hele screen. All bitumnincous coal pur- 
chased for dcrnestic use should be specified on the basis of size by dimension. 


For mixing purposes, most satisfaction will be obtained if the bitumincus 
eon] and the anthracite are nearly the same size, the tendency for segregation 
then being a reinimum. The sizes of bituminous ccal to be used for best re- 
SULTS tn tares are: 
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Ber oaCiis S122. Peoommended bituminos- 
| coal sizé, inchs 
Be | 4Apy 2 
Stove 8 
Chestiut 2 
Ean 1 
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eect eoal shoud not te hangled more than necessary, a eee 
unevoiiakle dumpine bet CGS Tines, the — Sizes Cel 0e ere S 
Uy by Diving tremor tenor &. ber nf tho ier : 
DURninNe Pris vy. “Tee CCL ne ection Will than cause the rine penticies to ruse 
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plzces.ci coxe of reasonable size, whier will hurn raacliy. 
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Equipment used fer burr.in anthracite in domestic insteliations falls 
into two general classes - nar sis ans autometicniy I 
equipment will include hot-air firnaces and stcam cr het- ; 
SLOVCS,. PONTss, 2nd fireaieses; Wheres eutcemetic poem gia! — of 
magazine-ty oo nesters and eli stoker-fired arpilancces. I eetenehs ri 
nous coal can bs burncd successfully only in the hende-ti un 


Mang-fircd eatimeune 


i. Hot-air furnaces. - These are best suited to the use of a substitute 
fuel because they have a maximum of ecmbustion sracc above the ter ofthe 
Ustial duel ods “This eruster space is Vvalmerlc because It permits tne come= 
RUStIDIC (2s S07 Bir misty st>- burn before. 2t PORCEhCS a coolmetal surfaccs 
thus permitiim:, smoke-free oporation. With sucii furnaces, low-voiatlie 
bitumincus coal can he burned alone with little or no spoke or soot if ti 
Suggestec firing pr OC! sdures are followed. In the New Eneland and Middle 
Atiantic Stotes, ‘16. DEL snl-Ol ih 2 tne WS So tS Tyee. 
2g, Stern ani hot-water boil: i - Such equipment is most common in 
the affected area, 41.9 purcent of the dwelling units in New Enoland and 90.3 


percent In ts Middie Atlantic mace beins se uipped with steam or hot-water 


central neating oe) iss, Meny of Mem: Are iy? Universe: ty ro)-se des iened that 
they can bet OO tr tor Olle oe. OF OF. ae n vquinted with ccal araeices, they 
are &S equally well adapted te bituminous col as te anthracits ae wili ba 
corapletely Satisiaciwory with owevoletile bituminous cool; 2 ereat many such 


heaters alrealy sre burning bituminous coal satisfactorily at minimum cost. 
the home fircrnen burning bituminous coai for the first time will experience 
little trouble frora cuch equipment. Lrobebly he will prefer to burn 
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bituminous coal separately during the colder winter weather rather than 
trouble te mix fuels. There is a greatcr tendency for soot to deposit in the 
Srnaller and cooler vassaces of this equipment than there is with hot-air 
furnaces; therefore, itis more necessary to employ correct firing precedures 
with steam and hot- water toilers when burning biturnincus Cou. 


Some beiieee nave been specially designed to burn anthracite and have 
limited combustion space, chietly because of economic considerations and for 
minimum space requirements, With anthracite, decreased volume over the 
fuel bed is permissible, but with bituminous coal the tendency to smoke or 
produce soot will be aggravated in such units, as with undersize equipinent. 
Therefore, when this type of boiler is used it will be necessary tc premix the 
fueis before firing to cbtain continuous, satisfactory operation. The home 
fireman will be the best judge of his own equipment. If he suspects thet in- 
sufficient furnace volume is causing smoke when firing bituminous ccal alone 
or in layers, he can eka eliminate the difficulty by premixing the coals, 
as nected later. If ssxroxe still persists, it indicates either that the fire door 
slots could be opened faction or that the danipers should be adjusted tu give 
a lower rate of burning. In any case, with such equipment, more care must 
be taken in firing than when the combustion space is greater. 


3. Heating stoves. - According to the 1940 census figures, 40.4 per- 
cent of the dwelling units in New Ensland and 23.8 percent of those in the 
Middle Atlantic States are not equipped with central heating plants but are 
neated by stoves. In these stoves, low-volatile bituminous coal can be sub- 
Stituted in part for anthracite without undue difficulty. Recently, stoves have 
Leen developed that c2n burn even high-volatile bituminous coal smokelessly 
by utilizing principles known for years to fuel engineers. Where these or 
Similar stoves are available, anthracite can be completely renlaced without 
trouble, even to the stoves’ ability to niaintain a fire overnight. 


With old-fashioned “‘hard-ccal’’ stoves it is recominended that the 
anthracite be mixed with the maximum amiount of bituminous coal for oper- 
ation during the day, and that the fire be banked overnight with anthracite 
alone. Because the characteristics of these stoves vary greatly, the mest 
effective method of utilizing low-volatile bituminous coal can be determined 
best by trial. 


4, Cooking ranges. - Anthracite is used in many ranges not only for 
2ooking but as a source of heat for the kitchen or nearby rooms. Most 
ranges have very limited combustion syace, and the tendency of even low- 
volatile bituminous coal to produce smoke and soot will be intensified. By 
firing a mixture of the two fuels, the quantity of smoke will be a minimum, 
and the greatest possible satisfaction will be obtained. When bituminous 
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coal is used in such equipment, it will be necessary to remove the scot er" 
cally to maintain satisfactory performance. The minimum possible amcunt c 
subs arn is recommended fer this type of equipment. 


De oe Many fireplaces are the only source of heat in a room, 
Others serve as auxiliary heating devices, their bright and genial fire being 
not tne least of their attraction. Although anthracite yields a bed of cheerfully 
glowing coals, bituminous coal is also a satisfactory fuel, the principal diffi-. 
culty in burning it in coven vrates being its tendency to form coke. Once tnis 
coke has been produced and is broken with a poker, the fire behaves like an 
anthracite fire. Eiturnainous coal has certain advantages over anthracite when 
burned in fireplaces, the princivai one being that neat is obtained more 
rapidly. Thus, when a cold rcom must be néated quickly anda a fire must ve 
freshly kindled, bituminous coal will burn at two to three times the rate of 
anthracite and consequently will heat the rvom more quickly. On the cther 
hand, anthracite wiil turn more siowly, but the total heat produced will be 
the same in either case. It is therefore recommended that when a fire is 
wanted during :nild weather or for banking purposes, anthracite be used. 
alone, but when heat 1s desired guickly, low-volatile bituminous coal 1s more 
Suitable. Like other burning equipment, fireplaces will vary scmewnat, and 
the home fireman can best determine how to get most satisfacticn by actual 
trial. Burning tne fuels separately cr in layers is suggested as the mgst 
Satisfactory course. 


Automatically-fired Equipment 


The principle deterrent to the use of bituminous coal in automatically- 
fired heating equipment is its tendency to form massive lumps of coke, whicna 
burn more slowly than does coal because less surface is exposed per unit of 
weight. Also, their shape and size interfere with the ncrmal movement of tre 
fuel bed, so that some sort of agitation generally is required. In hand-fired 
equipment this agitation is supplied by the fireman with his poker, mechanically 
drivén pokers cre used in some domestic stokers designed for sipeetrirsstons Coa. 
but such devices are not included with anthracite stokers, where caking never 
occurs. Asarule, bituminous coal should not be used in automatic nae 
burning equipment designed for anthracite and feeding fuei by gravity or 
mechanical methods. 


1... Magazine-tyne heaters. - In an attempt to. reduce the attention re- 
quired to fire ordinary types of f furnaces, thie magazine heater was‘devised. 
If the grates of the furnace are set at the proper angle and a hcpper of coal 
is installed at the upper end, the coal will slide down and maintain itself on 
the grates at some given thickness fixed by adjustinent of the hopper gate; 
but if some coking coal is burned in place of anthracite or sized coke, a 
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a sheet of coke will be formed cver the grate, which will interfere with the 
further feeding cf coal. Also, ccal ecked in the hopper by coriduction of heat 
from tne fuel bea will form a olug at the hopper exit, so that no more fuel can 
be fed. Fer this type cf equipment, care must be taken to chocse a fuel that 
is “free-burning’’: that is, it must not cake when heated. It is therefore re- 
commended that nc bituminous coal be burned in such equipment. 


Certain types of antnracite-burning magazine heaters feed the coal 
through a vertical cylinder. Any tendency for coke to form from the fuel in 
this cylinder will interfere with the free movement of the coal, and bituminous 
coal should not be used, An exception is the type of magazine stove designed 
to burn bituminous coal where coke formation is not a deterrant to successful 
operation. If trials with bituminous coal are made, it should be well mixed 
with anthracite befcre being placed in the hopper, and generally it should not 
exceed 25 percent of the mixture. The estimated 120,000 magazine feed 
boilers in the affected territory do not account for a large tonnage of anthracite. 


2. Stokers. - Anthracite underfeed stokers, although fundamentally 
similar to those for bituminous coal, have specially designed retorts for 
burning noncaking coals. The principal difference between the two types is 
that anthracite is burned in a compact mound in the retcrt, the spent ashes 
usually overflowing the retort to drop into a pit or onto a conveyor for re- 
moval; whereas in bituminous coal stokers coke is formed in the retort. and 
is burned largely outside the retort proper, and the ashes are removed as 
clinkers. Therefore, if a caking bituminous coal is burned in an anthracite 
stoker, loss of coke to the ashpit will be excessive, and it may even be im- 
rossible to maintain a fire. By installing a solid horizontal refractory lining 
between the retort and the furnace wall to form a surface oh which the un- 
burned coke could rest, bituminous coal could be burned more satisfactorily; 
out it is generally too difficult, except for trained furnace mechanics, to 
cuild such “‘dead plates’’ in most installations, and on some ash-removal 
stokers it would be virtually impossible. Because the estimated 115,000 
domestic anthracite stokers burn only about 1-1/4 million tons of anthracite 
annually, or about 3 percent of the total domestic demand, it is not con- 
sidered imperative that they be converted to utilize a substitute fuel. 


3. Hot-water heaters, - Although only a few hot-water heaters are 
completely automatic, employing a miniature edition of the larger anthra- 
cite stoker, the remainder are generally operated with controls actuated 
by water temperature, so that they require no attention other than fueling 
and removing ashes once a day. Anthracite is an ideal fuel for these 
“bucket-a-day’’ heaters because it responds adequately to change in the 
Graft dampers, whereas a coking coal would require additional attention 
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to maintain a satisfe ictory tire; thereiore, Substitution.of bituminous coal.in 
these units is not rec ences An estimated 4 4;000,000 tons of anthracite is 
burned annually in tnese heaters. 


a. Orced Grail. blowers. = 2 Oreed=dralt blowers, used in burning the 
smaller sizes of anthracite, such as No. 1 Euckwheat, when controlled by a 
thermostat can be classed as autcmatic, although the fuel is actually hand- 
firea ona grate, Tnese blowers can be used with bituminous coal, except 
that the ccke fcrmed mustbe broken up by the fireman to permit adequate 
rates of burning and efficient cperation. For coking coals, the blower may 
lose a large portion of its erfectiveness; therefore, bituriinous coal will be 
most satisfacte cry asa substitute fue! in cuch equipment when it is premixed 
with the anthracite, tliis mixture having a minimum tendency to form coke, 


ATT ory Or SUESTITUTE PUR TG 


| Low-volatile piturnincus coal can be used asa partial Supstinite of 
anthracite by burning the two fucis either indivicually or asa mixture. If | 
burned mixed, the fuels can ke premixed in the cellar or fired in alternate 
small additions to the heating equipment. In any case, the two fuels shouid 
be delivered into a vertically partitioned bin, ¢o that the coals will not be 
mixed until wanted. If mixed in the dealer’s t vard cr in the delivery truck, 
nartial sesreyation may cccur on dunmininz into the coal bin, with tha result 
that the home fireman will be unzble to control the proportions for any given. 
firing. Icr greatest assurance of success he should be ebiea to aetermine 

the quantities of each fuel to be nut into the fire pot, because then, after only 
limited experience, he yould be better able to adapt his proncrtioning technique 
to the demands of the weether and the eccentricities of his equipment. 


The quantity of substitute fuel required probably will vary with the lors 
cation, derernding somewhat upon shipping requirements. . isecause it will be 
essentially inincesinxle to operate some types of automatic equi pment with any 
fuel but entnrsac.te, for which they were particularly Cecinnea, it will be neces- 
sary to incresse the eroportion of bituminous coal to carer, consumers; that 1s, 
many consumers will only be able to buy, say, three fourths or their usual 
arnual supply cf anthracite, so'that this fuel must be exterted 25 percent, 
preferably with low-volatile bituminous coal. Tor the average home tnat usu- 
ally burns say, 12 tons of anthracite per year, this means that at least? tons 
of bituminous coal must be substituted for an equal quantity cf. anthracite. 


To keep the coals senarated, it will be necessary only to partition the 
bin so that either coal can be reached from the opening. Anthracite in do-. 
mestic sizes weighs 52 te 56 pounds ver cubic foot, whereas bituminous coal 
3 Sirailar size weighs 47° to 52 pounds per’ Cubic 100t, Aninracite 1s approxm- 
mately 9 percent heavier than See coal, consequently allowance should 
ve made in partitioning small bins for the greater volume required per ten 
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Figure 3.—Suggested method of firing anthracite and 
bituminous coal without premixing. 


Firing-door slots 


' Figure 4.—Typical arrangement of dampers for a warm-air furnace. 
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for kituminous coal. In most residences, bin capacity usually is more than 
adequate, and it will not be necessary to compensate for this difference 
Burning Two Fuels Simultaneously as a Mixture 

Burning a mixture of anthracite and low-volatiie bituminous coal has 
certain advantages over burning these coals senarately. A mixture of three- 
fourths anthracite and one-fourth low-volatile bituminous coal will have a 
mean volatile content of only 7 to 12 percent and should be smoke-free under 
most conditions. Because bituminous coal will burn more rapidly, the fire 
will tend to be more lively at first, but later it will burn ina manner typical 
of anthracite. The tendency of bituminous coal to form coke, which must be 
broken up to permit continued high rates cf burning, will be minimized be- 
cause the hot plastic coal lumps will be separated by pieces of anthracite so 
tnat they cannot flow together to form a single coherent mass. As the ash 
content of the bitumincus coal prcbakly will be low, only moderate clinkering 
should be encountered, and the benavicr of the ash should be improved from 
the standpoint of dustlessness. 


In general, although it is more troublesome to mix coals before firing, 
mixed coal requires less attention than bituminous coal burned alone, and 
the home fireman probabiy will find that the labor of mixing will be more 
than compensated by satisfactory performance. 


Burning Two Fuels Simultaneously in Separate Layers 


The labor required to premix anthracite and bituminous coal before 
Tiring will deter many from adopting this method. An easier method of firing 
would be to use three scoops of anthracite follcwed by one of biturninous coal. 
The bituminous ccal should be added last for two reasons - first, it will be 
heated gradually by the slowly igniting anthracite, evolving its volatile matter 
Slowly and therefcre smokelessly; and second, the ccke formed by the bitumi- 
nous coal, being on the surface of the fuel bed, can readily be broken up with 
a poker to assist in controlling the rate of heat output. This method of firing 
anturacite and bituminous coal in combination is shown in figure 3. Where 
a hign cutput of heat is required suddenly, such as ona cold morning follow- 
ing a pericd of mild weather, a single scoop cf bituminous coal should be 
fired and the dampers adjusted for a high rate of burning. When the required 
amount of heat is obtained or the coal is largely consumed, anthracite pOMOwed 
oy bituminous coal should be fired as deseribed above. 


It is not recommended that the layers of anthracite and bituminous coal 
be mixed in the fire pot by stirring with a poker because of the difficulty of 
obtaining a good mixture and because ash may be lifted into the fuel bed and 
cause excessive clinkering. 


CO 
ae 
G9 
~ 
| 
oy 
Cn 
g 


Google 


Burning Two Fuels Separately 


porme home firemen will orefer to burn the two fuels unmixed, with tne 
advantage thet normal firing habits are not disrupted during most of the heatirg 
season. A disedvantage is that cn entirely new firing prccedure must be 
rollewed while the cup stitute fuel is being burned. In such instances it would 
be preferable to burn anthracite exclusively during fall and spring, when rela- 
tively little is needed, and the fire may require frequent banking. During the 
.colder winter months bituminous coal can be burned advantageously because 
of its higher rate of ‘‘nick up’’. Qne drawback to this scheme is that small 
fire pots are unsuited to bituminous coal and even low-volatile coal may Srnoke, 
For those using this method, the sugzestions made fer firing bituminous ccai 
must be followed carefully to obtain satisfactory results, 


Because only a mincr amcunt of the reauired heat must be produced from 
bituminous coal (25 percent has already been suggested as the average) burring 
this fuel alene during the coldest weather will cause the least disturbance to 
establisned 1130. techniques, In Fortiand, Maine, for example, 18.3 percent 
of the total hestirs load for the year cecurs in January and 16.0 percent in 
February; if Vincrincus coal is burned exclusively during this period, the 
entire quantity will ke consumed within G weexs. 


Tis -beneved tha ee home firemen will prefer to ourn the substitute 


fuel gracuai:y ee the entire heatiny season, becoming acquainted with its 
periorma Cte Se a eT oe $9? that they may be better prenered when coid 
weather 2 a3: put thoce already exnerienced in firing citusninous coal, and 


oe rae 
who pas. nee - ctory equipment, will probapoly preier this last method because 
it entails the least labor. 


GENERAL FIRING INSTRUCTIONS FOR BITUMINOUS COAL 
Fuels libcrate heat because they oxidize, that is, because they combine 

with the oxygen inthe air. This rate of oxidation, and therefore of heat cut-_ 
put, is negligible when temperatures are low; but above a certain ten:perature 
oxidation preceeds snontaneously. This certain temperature varies with the 
fuel substance and the surroundings and may be difficult to fix with a complex 
substance sucn | as coal, elthough it is generally well defined for gases; it ray 
be called the “‘ignition temperature 7 Its importance lies in the fact that a 

combustible gas, although mixed with sufficient air, must be raised to the 
racers temperature before combusticn takes place with production of heat. 
Therefore, combustible gases distilled from.a bed of gradually heating coal 
will escape unburned, unless a source of high ‘te: mperature is available to 
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cause their ignition. 


9537 16 - 


Google 


\ LCs 1200 


This situation is exactly analogous to that of a gas burner under a pan of 
water. When the gas is turned con it-mixes with air and impirigee ‘upon - thee 
bottom of the pan, but heating will nct take place because the gas-air mixture 
nas not itself been heated to the point where combustion, cr oXidation, can 
turnisn edditional heat. Applying a burning match furnishes the necessary heat 
energy to ignite the flame, which then supplies heat to the pan of water as well 
23 that required to maintain itself alight. Similarly, in starting a fire with coal, 
some kindliug must first be burned to raise the temrerature of the coal to the 
pcint where sufficient heat is being evolved to mairtain the fire and also to 
maintain a source of heat to ignite combustible gases distilled from the coal. 


Tne importance of this ignition requirement is obvious when it is realized 
tat a quarter to a half of the heat sucnlied from bituminous coal is furnished 
by the combustion of the volatile pases evolved when the coal is heated. Unless 
these gases are ignited and burned, a large potential source of heat is being 
wasted up the chimney. Therefore, the first consideration in burning bitum{- 
nous co21 is to add only sucha quantity cf fuel at one time to the furnace or 
Stove as can be placed on the old fuel bed and leave a glowing spot of ccals to 
act as a “‘match’’ to ignite the gases distilled from the fresh charge. After an 
nour or two, when this ec harge is completely ccked and all the volatile gases 
ane ae off, additional ccal may be added, again leaving a spot of glcwing 
coals to insure ignition. In very cold weather it may be necessary to make 
several Suck firings tefcre a large encugh mass of ccke accumulates in the 
D.rnace to keep the hcuse warm cvernight. By doing this in the late afternoon 
or €ariy evening, as the outside temnerature falls, the heat from the burning 
volatile matter maintains a comfortable temrerature indoors during the evening 
and leaves a good bed of coke for bankinc. 


Two principal methcds of firing bituminous coal are used in domestic 
furnaces, The more common is the ‘‘side-to-side’’ method, shown in figure 1, 
in which the fresh fuel is heaped at one side of the fire box by spilling the shovel 
at one furnace wall. Only enough coal is added sc that burning ccai or coke 
Iorm the previous firing is still exposed cn the other side to act as an igniting 
spect, When tne fresh fuel is completely coked, it is broken up with a poker, 
an tic next firing is made on the opposite side. Only when enough ash has 
cumuieted to require removal should the grates be shaken, after which the 
vite still in the fire pot should be pushed te one side and the firing cycle 
epeated, | 
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The other method consists, for each firing, cf pushing all the het coals to 
the rear of the fire pot and piling the fresh coal gust inside the door; this method 
wad illustrated in figure 2. An advantage of this scheme is that the combustible 
FaSes evolved from the new coal charrre are mixed with air entering through tne 
door Slots, giving a better air-gas mixture, which passes directly over the hot 
ecals at the rear to become ignited. The principal disadvantage is that consider- 
able movement of the burning coal or coke is requized and therefore clinker may 
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be formed py raking ash up into the high- -temperature burning zone. Many home 
firemen employing this method rrovide themseives with a stcut metal-handled 
hoe with whicn to move the burning fuel to the rear of the fire pot, although it 
can be dene, with more difficulty, with a shovel. The University of Illinois has 
suggested that a suitable tool for moving hot coals in thé furnace, and one that 
will reaca any portion of the grate, can be made by bending the end of an ordi- 
nary poker 12 inches from the tip so that it forms an oblique angie of 30°. 
f£.pain, the most important thing to be. cbhserved is that the fuel bed must at ail 
tines ae a brijhtiy ourning spect, no matter how small, so that combustible 
gases will not jpass o:f unburned or accumulete in the furnace to give an ex- 
plosive °‘ (BE? wen ignition cecurs. Either of these metheds gives more ef- 
ficient and satisfactory burning than haphazard firing of cal. 


\Witn very low-volatile fuel, such as anthracite, similar firing methods 
will prevent furnace “‘pufis’’ and bring about more certain combustion cf the 


carbon moncxice produced in the fuel bed, oarticularly shortly after firing; 

but no tar cr soot will be denosited, nor will smoke be produced, if tne cper- 
ator fails to follow prooer firing procedures. When medium- or high-volatiie 
bitumincus coral is used it is imperative that such practices be followed tc 
obtain even reasonahie satisfaction; end with low-volatile Cituminous coal 

the emplcyment of such methods results in virtually smokeless operation, reia- 
tively little or no scot or tar devociticns in the equinment, and most econcemica. 
production of heat. With the latter fuel, the firing charges can oe larger than 
with eee coal, and therefore less frequent, and yet be satisfactory. 


Ge ontrel 0. on DOte of Fur ning 


ee a pituriinous-coal fire is like controlling an anthracite fire, 
in that passing more air through the fuel bed results in a greater production 
of neat. Therefore, the basic function of tne draft dampers in a furnace burni 
bituminous ccal is the same as when anthracite is the fuel, but'‘there is a mar 
difference in the recnonsiveness of the fire, anthracite fuel beds tending to Le 
self-damping at high fuel-bed tem mperatures, whereas bituminous coal burns © 
more briskiv-al ine mcner temporstires: Figure 4 shows.a.lyoical arrangemie: 
of the darnpers on a warm-air furnace. 
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1, Asknit damper. - This damper, usually a part of the apnsn oot 
but prea built into a side of the ashpit, admits air to the sra 
below the ¢ — , frorn whence the air passes through the grates ints oe 
Die het. eid ine Pine Coal and thereby wz ete heat. With bituniinous 
coal this damrer usually need NEES Mee 3g oS TO arene mak a 
possible rate of turning or ““rick-u a ge ire. Long operation with 
the ashoit Gamper open almost invuriably will permit the liberation of 
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too much heat, so that this deraner should be closed before the house 
reaches a comfortable temnerature to avoid overheating. The rate of 

“‘pick-up’’ for bituminous coal is much hizher than for anthracite, be- 
cause of the rapid evolution and burning of the volatile constituents: 

hat is, the coal is “‘livelier’’. Engineers say it is more reactive, 
which is equivalent tc stating that it combines more readily with oxygen. 
Therefore, when burning biturninous coal it should be remembered that 
tne damper need not be opened so far for rapid “‘pick-up’’, or, if fully 
opened, should be closed sooner than when antnracite is burned. This 
particular point should be impressed upon new users of bituminous coal; 
the anthracite fireman, who is accustomed to leaving the ashpit damper _ 
open for a lcng time, is likely to cause damage to his furnace from over- 
heating if he follows similar practices with bituminous coal; also, he 
will be wasteful of fuel. If the ashpit of the heater leaks badly, closing 
the ashpit damper may not prevent some air from flowing through the 
fuel bed and thus maintaining too vigorous a fire. ‘Such leaks should be 
seaicd with furnace cement, so that the cea damper will nave full 
con ‘ral over the flow of air into the furnace. 


2. Cneck camper, - ‘Usually, on the top of hot-water or steam 
boilers or in the smoke pipe, as in hot-air furnaces, is the check 
camper to reduce the ainount of air passing through the furnace, This 
it does by allowing air to pass directly into the smoke pipe, effectively 

‘“‘shorting’’ the furnace so that the chimney provides Little or no draft 
on the furnace, and consequently little air is drawn through the fuel 
ced. Actually, because the furnace is essentially a short chimney, 
some air will flow, but normally this can be controlled by closing the 
draft damper in the ashpit. Little difference in the cperation of the 
check damper will be observed with bituminous ccal as compared to 
enthracite cther than as mentioned for the ashpit damper, because of 
tne high rate of burning of bituminous coal; but it will be necessary to 
o¢en this check damper much sooner after firing bituminous coal to 
prevent cverheating. With most furnaces, both ashpit and check dampers 
operate from a eee control, and the check damper aften cannot be 

opened until the eshpit damper is closed. 


3, Choke damper, - This damper, also called the “turn” damper, 
is usually adjusted only seasonally, being opened wider during midwinter 
to permit a higher rate of burning. Choke dampers are not found in all 
installations, It consists of a simple butterfiy valve between the fur- 
nace and the check domper-and acts by increasing resistance tc flow of 
gases through the smoke pipe, thereby decreasing the quantity of gases 
passing thrcuch the furnace. It must be adjusted carefully to prevent 
closing it toc fer, in which case the furnace will discharge the products 
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of combustion into the house. With bituminous coal this maladjustment 
is less likely to occur than with anthracite because the accompanying 
smoKe 18 irritating and calls attention to itself, whereas with anthracite 
the flue gas, ee nearly odorless, may not be perceived. Because 
under seme conditions flue gas may contain reasonably largeamounts of 
tne deadly gas carben monoxide, care must always be taken not to close 
the choke damper to the noint where gas can escape from the furnace 

into the beuee. If in doubt, it is better to leave the choke damper open 
and to control the minimum rate of burning by opening the check damner, 
closing the ashpit damper, and sealing any leaks in the ashpit. 

4, Firine-door damper. - As has been stated, air must be mixed 
with the combustible tases evcived by the fuel bed to permit their corn- 
bustion or oxidation. Sometimes this air is part of that supplied to the 
grates and which has passed through the fuel bed without combining with 
the fuel, nerhars because the fuel bed is thin in spots or is open or 
cracked. A more certain way of supplying this air is through the firing 
coor by ovening the siots or the sraall ‘‘hot blast’’ door. ee to 
insure that sufficient air to ignite evolved gases is present immediately 
after firing a fresh charee of any bituminous coal, the firing-door slots 
snould ce left open. Later, when the fuel is coked andthe volatile matter 
has been driven off, these slots can be closed so that excessive amounts 
cf ccol air are not drawn throuch tne furnace to carry off useful heat. A 
good rule for adjustment of door slots is that they should be wide open 
whenever smoke can be seen in the fire pot and ne 2arly closed at all 
cther times, excert.that whenever a slight “‘puff’’ occurs on opening the 
furnace door the siots should be left cren. This indicates that not enough 
alr is entering throughor around the door to burn all the gas in the com- 
bustion chamber. Whereas in generai anthracite can be burned success- 
fully with the firing-door siots nearly Ces with bituminous coal they 
should be cpen most of the time 


Formation of Clinker 


\With the better grades of anthracite, the ash, although usually greater in 
quantity than with bituminous coal, does not ordinarily form dense clinkers, 
because it consists chiefly of refractory substances. In bituminous coals, hovr- 
ever, the ash may contain enouch fluxing ccnstituents to cause the ashto meitat 
ordinary tuel-bed temperatures. Such an ash w a tend to produce clinker, wh wee 
will be objectionable to the extent that it rmaycause damare tothe grates orin 
fere with burning ty restrictins the flew of air tee the fuel be d, and is diffi 
cult to rernove without sericusly disturbing the fire. It does not always follow 
that the most refractory ash is desirable or that a coal having an easily fusituc 
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asn cennot be burned setisfactorily; an ash that dces not fuse but rernains dusty 
iS @ nuisance to handle and mav dirty ye whole ee The optimum condition 
is the formation of porous, casily friable clinker that docs not interfere with the 
flow of air but thet can be removed readily by shaking the grates. Such clinsxers 
‘SEresent minimum dustiness ard the: least possitle volume, the same quantity 
of ash when lignt and fluffy occunying as much 2s three times the space re- 
quired by good clinkcrs. In gencrai when bituminous coal is fired in the smaller 
fire cots used for anthracite, somewhat more clinkering can be expected than 
in. larccr furneces 


Clinkcring can be controlled largcly by following ccrtain simple rulcs: 
rate, onc con- 


1. Deo not allow the fire to burn at a higher 
sequently a higher temperature, than is necess 


2. Do net check the fire abr uptly after burning at a high 
rato Unless absclutzy Necsssacy ; es on intcrruption of the flow 
Oar will peril thie tome raturcoor the ash in the fucl bed to 
increase excessively 


ow WONCEAlIOW AS ites te ecCulmulate On tho Crates more-tien 
necessary to protect them from fuel- Bod t temperatures, excent in 
mild weether when operating at vary low rates of burning. 


4. Do net stir tie fuel bed with the poker. Raising the ash 
from the grates to the high-tcemperaturs burning zone is certain to 
promot: fusion and conscquint formation of clinker. Note that 
‘stirring’ is difforcntiated from “‘poking’’. In the former the bed 
is agitated strongly, wherwas tho Inttcr signifies gentle prodding of 
th. fuel bed to break the cokc. 


Eero, DOCE 


Although low-volatils bituminous coal properly burned produces no smoke 
Or Soot Vo 1 soUlementrnct Gesiened ior its Wwilligelion Some Sool may sccumue 
late on heating surfac2s or in the smoke cipe or chimney. With medium- and 
high-velatile citumincus coals, soot formation is almos * inevitable. Where soot 
cannct be removed casily by brushing, or where that method is undesirable, 


i] 


soot can be removed by burning. Fcliowing is the recommended procedure: 


ie repare a. bed of — coals by cperating the heater at a 
moderate or hich rate, breaking up all coke to give a reasonably 
level fire. 
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2. Close ashnit daripor and slots in firing door. 


a 


CUCIUL TORS Gog) Poeser Or two CaaS tor (er ce Taree, 


ne ane oN! 


Oo. pestter Common rock Sclt over the red-hot fisi, Sing ere 


4, Quickly elose the firing door and oren tho cage ocairuss, 
allowing the sait to act for 10 to 20 minutes. 


Oe MICSS The Cee 2 Car ner fe Cue Ine -asnplt ae BIAL, Os SO tant 


ui? dire wey Pura Siy. JF OSsiliy Sicko iis spates i iy tO. ert 
e netter firs. 


x te ° . ' ba es 
6. Oven the firing-door slots ond possibly the door itself, so 
LeOb er O00 Gipo.y- Clr io entice 


7? S eee . me Aes . 
ie Tee SoCt ae Bee oes 

es oaks Beek j > tan akin ante iat 30 eran ae ae eager. 
Ney = | at Ns "LO ca Cae ae 6s Oe ae . sal S 


w 


net ignite, nut a ricec of 
W ll ne we Orenes a jae 1 Soot, 


Any nprreciable accumulstion of soct will burn if those instructions or- 
setied the CHeCt Womess C1 Como) Sat Gem e Met es Co StS tae a 
preprictary corivounds on tic miertkos. Mixine 2 oma quamiiy of rod lee Or 
coper or mine filings with the salt will inerease its effectiveness. 


~ 


It is botter to romove soot at reguiar interviis than to oliow it - neCuy 
fate Until Iitericres Wil th]e areit. The iIntirvais Dousecn Cl 2enines Will 
dcpend dergely on the ty cE nestor, tho Voi tile. content Of ine coal ad the 
Anne Tr Wien a ie tired. oar te eet eons Sool CCI in Ser dy 


the soring and fall when burnings rates are lew. 
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